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@ Conversion of xylenes containing ethylbenzena. 

@ Xylenes containing ethylbenzene are contacted with a 
catalyst comprising an acid type mordenite and a specific 
acid type zeolite such as, for example, ZSM-5, ZSM-B or 
ZSM-1 1 , in vapor phase in the presence of hydrogen, where- 
by there are performed deethyiatlon of ethylbenzene and 
isomerization of xylenes. 
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OONVERSIOH OF XYLENES OONTAINIHG ETHYLBEHZENE 

Background of the Inventl n 

The present Invention relates to a catalytic conversion 
process for xylenes containing ethylbenzene. 

Among the 3cylenes, it is para-xylene that is in the 
greatest industrial deniand at present, so the isomerization technique 
for converting ortho- and neta-xylenes which are in less demand into 
para-xylene is industrially important. » 

In general^ industrially utilized xylenes are .obtained 
by aromatic extraction and fractional distillation of reaction 
products from reforming or cracking of naphthas. But all of the crude 
xylenes thus obtained contain ethylbenzene in addition to or the- , 
meta*- and para-xylenes* Therefore, ethylbenzene is removed from such 
crude ^^lenes by some suitable means, and para-xylene is produced 
by the combination of separation step and isomerization step. 

Ethylbenzene may be removed by direct separation thereof 
or hy- reaction thereof for conversion into a more useful confound. 
An example of the former is the distillation process wherein, however » 
it is necessary to perform an ultra-rectification because of a 
small differeiice in boiling point between ethylbenzene and xylenes, 
and this necessity results in increased equipment cost and running 
expenses. Thtis, the distillation process is disadvantageous from 
the economic point of view. An example of the latter is a method 
wherein ethylbenzene is converted to xylenes by using a bifunctional 
catalyst comprising a platinimi component and a s lid acid component 
and at the same time there is performed isomerization of the xylenes. 
The method of removing ethylbenzene by the reaction is economically 
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advantage us because It requires no special equipment. But a 
further Impr vement Is desired because of problems Involved therein, 
for exas^lei platinum used In the above-mentioned blfunctlonal 
catalyst Is a very expensive noble catalyst, and the conversion of 
ethylbenzene Is restricted by a thermodynamic equilibrium relation 
beti^een ethylbenzene and xylene Isomers. 

As the method for overcoming the above-mentioned problems, 
an Increasing attention has recently been placed on a conversion 
process for ethylbenzene Into benzene and ethane by uslng*a catalyst 
comprising a solid add component and a hydirogeriatld 
The hydrodealkylatlon reaction of ethylbenzene Into benzene and 
ethane has features such that the Improvement of conversion Is 
relatively easy because the reaction scarcely undergoes thermodynamic 
restrictions, and that the resulting benzene Is easily separable 
by the distillation process because of a large difference In boiling 
point from xylenes and has a high added value as a raw material for 
synthetic fibers and synthetic resins. As a catalyst for allowing 
such reaction to proceed efficiently, the present Inventors have 
proposed a mordenite catalyst containing rhenium and/or phosphorus 
or this mordenite catalyst further containing molybdenum, tungsten 
and/or vanadium, previously in Japanese Laid Open Patent Publication 
Nos- 9727/1982, 64623/1982 and 134423/1982. . But, to make this 
reaction more efficient, it Is desirable to further improve the 
catalyst activity and selectivity. 

Summary of the Invention 

It is an object of the present invention to overcome th^ 
foregoing disadvantages of the prior art; r v 
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It Is another bject of the present Inventl n to provide 
a conversion process for xylenes containing ethylbenzene * 

It Is a further object of the present Invention to 
provide a process for dcethylatlon of ethylbenzene Into benzene 
and simultaneous laomerlzatlon of xylenes efficiently. 

The above-mentioned objects of the present invention 
can be achieved by contacting atylenes containing ethylbenzene with 
a catalyst comprising an acid type mordenlte and an acid type zeolite 
which exhibits the X-ray diffraction pattern shown in Table 1 belw?, 
in the presence of hydrogen. 

Table 1 



d (A) 



11.2 + 0.2 
10.1 + 0.2 
3.86 ± 0.08 
3.72 + 0.08 
3.66 + 0.08 



20 



25 



Descript ion of the Preferred Emboi^^mAnfr 

As the mordenlte used in the present invention, there 
be employed any of synthetic and natural zeolites having the 
crystal structure of mordenlte. Of course, a mixture of synthetic 
and natural zeolites may be used. The mordenlte can be produced, 
for example, by the process disclosed in U.S. Patent No. 3, 436. 174 
or European Laid Open Patent Publication No. 57, 016. 

As the zeolite used ixi the present invention, eadiibiting 
the X-ray diffraction pattern shown .in Table 1, there may be employed. 
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for example, ZSM-5 disclosed in V.S. Patent No.3,894.106» ZSM-8 
disclosed In British Patent Ko .1,334,243, ZSM-11 dlsd sed In U.S. 
Patent Mg.3,709,979, Zeta 3. disclosed In German Laid Open Patent 
Publication No. 2, 548, 695, zeolite prepared without adding an organic 
5 substance Into reaction mixture, as disclosed in U.S. Patent No. 

4,257,885, or zeolite prepared by adding a carboxyl group-containing 
organic compound Into reaction nilxture, as disclosed In European 
Laid Open Patent Publication No. 57, 016. 

Without being restricted to those just exemplified above, 
10 angr other zeolites are employable provided they haviB a structural 
characteristic exhibiting the X-ray diffraction pattern shown in 
Table 1. But, zeolites which exhibit the X-r€ty diffraction pattern 
shown in Table 2 below are more preferable; 

Table 2 



15 


d CA) 


a (I) 




11.2 + 0.2 


4.27 + 0.08 




10.1+0.2 


3.86 + 0.08 




6.37 + 0.1 


3.75 + 0.08 




6.00+0.1 


3.72 + 0.08 


20 


5i71 + 0.1 


3.66 + 0.08 




5.58 + 0.1 


3.00 + 0.05 




4.37 + 0.08 


2.00 + 0.05 



The 8102/ AI2O3 mole ratio of the zeolite is preferably 
not less than 10, particularly in the range of 20 to 200 and further 
25 30 to 150. 

The weight ratio between the zeolite Cherelnaf ter 
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referred t as the zeolite Ca)) which, exhibits the X-ray diffraction 
pattern shown in Table 1, and the mordenite, both contained in the 
catalyst used in the present invention^ is preferably in the range 
of 1% to 50%, more preferably 5% to 30%, in terms of percentage by 
weight of the zeolite (a) based on the total weight of both zeolites, 
i.e. the zeolite (a) and the mordenlte. The catalyst may contain an 
additional conponent or components, for example, an inert alimilna, 
other than the two kinds of zeolites described above. 

The mordenlte and the zeolite Ca) , before their use in % 
the Invention, should be treated into acid type. Acid type zeolites, 
as well known, have hydrogen ions as cations, and they are obtained 
usually by ion-exchanging at least part of alkali metal ions and/ or 
alkaline earth metal ions of zeolites which contain those exchangeable 
cations j with hydrogen ions and/or ammonixmi cations as a hydrogen ion 
precursors Generally, the ion-exchange treatment is carried out by 
using an aqueous solution which contains an add and/or an ammonium 
salt. In this case, both inorganic and organic acids are employable^ 
but the USB of inorganic acids is more common. Exai!q)le8 of inorganic 
acids Include hydrochloric, nitric, phosphoric and carbonic acids. 
Of course, there may be used other inorganic acids provided they 
contain hydrogen ion. Preferred concentrations of adds vary 
according to the kind of acids used, so it Is difficult to absolutely 
define such concentrations, but care should be exercised to avoid 
destruction of the mordenlte structure. 

Examples of ammonium salts which may be used include 
inorganic ammonium salts silch as ammonium nitrate, ammonium chloride, 
ammodum sulfate^ ammodim carbonate a;nd aqueous ammoda, as well as 
ammodum salts of organic adds such as ammonium formate, ammonium 
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acetate and annnonlum citrate, with dLnorganlc asmnonium salts being 
preferred, Asnnonlum salts are us d as a solution o£ preferably 
0.05 to AN, more preferably about 0.1 to 2N. 

As the method of such Ion-exchange treatment for the 
seolltes using tiie add and/or ammonium salt solution, both batch 
method and flow method are employable preferably. In case the 
treatment Is made by the batch method, the solid-liquid ratio should 
be at least a ratio at which the zeolites can fully contact the 
liquid, preferably about 1 i/kg or more, A treatment time from about 
©•1 to 72 hours is sufficient, preferably frbia a^^ 24 hours, 

and a treatment temperature below the boiling point is sufficient, 
but preferably heat is applied to accelerate the Ion-exchange rate. 
In case the flow method is to be followed, there may be adopted the 
fixed-bed process and the fluidized-bed process, but it is necessary 
to give consideration so that there may not occur fluid channelling 
or the ion exchange treatment may not become non-miform. 

The zeolites after subjected to the ion exchange treatment 
are washed with water, preferably with distilled water, according to 
either the batch method or the flow method. In this way, hydrogen 
ions or ammonium ions as a hydrogen ion precursor are introduced in 
the zeolites. 

In the cases of the zeolites ZSH-5, ZSH-8 and ZS»-11, 
since an organic nitrogen-containing cation is used at the time of 
their production^ they can be changed into acid type zeolites by 
allowing the said organic nitrogen-containing cation to decompose 
xipon calcining for conversion thereof into hydrogen ion, even 
without application of the ion exchange treatment usiiig the acid 
aad/or ammonium salt solution. 
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Ihe rati f hydrogen lone In the catalyst to the entire 
exchangeable catl ns Is preferably In the range of 30% to 90%, more 
preferably 40% to 80%, In terms of gram Ion equivalent. A too low 
ratio Is not desirable because It would cause deterioration of the 
reaction activity. A too high ratio Is not desirable, either, because, 
a dlsproportlonatlon reaction as a side reaction would be accelerated 
although the reaction activity would become higher. The zeolites thus 
Ion-exchanged with hydrogen lons» namely, the proton type zeolites. If 
further subjected to heat treatment at a high temperature, become * 
so-called decatlonlzed zeolites. But, decatioriized ^sjeplltes a^^ 
proton type zeolites are not always distinguishable clearly from 
each other and are often used Indiscriminately. The add type as 
referred to herein include decatlonlzed type. 

If only the zeolites in the catalyst used in the present 
15 invention are acid type zeolites, the remaining cations may be 

various cations. Particularly ^ alkaline earth metals are preferred 
because they are effective in improving the reaction selectivity. 
To let the -zeolites contain alkaline earth metal ions, it is 
. necessary to perform an ion exchange for introducing such ions in 
20 addition to the ion exchange for introducing hydrogen ions and/or 
ammonium ions as a hydrogen ion precursor. The ion exchange for 
introducing alkaline earth metal ions is carried out by treating 
the zeolites id.th a solution whldi contains a compound of an alkaline 
earth metal. Preferred alkaline earth metals are magnesium, calcium, 
25 strontltzm and barium. 

In case it is necessary to perform the ion exchange for 
introducing alkaline earth metal ions, this ion exchange treatment 
may be conducted separately from the ion exchange treatment for 
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Introducing ammonltm Ions, r both treatments. may- be carried out at a 
time. 

According to a particularly preferred lon-*exchanglng 
method In the preparation of the catalyst used In the Invention, 
£lrst the ion exchange treatment for Introducing alkaline earth 
metal Ions Is conducted and then the same treatment for Introducing 
hydrogen Ions and/or ammonium Ions as a hydrogen Ion precursor Is 
performed by a liquid recycle type batch process. 

In the reaction of the Invention using the catalyst thus 
prepared, ethylbenzene Is hydro dealkylated for conversion to benzene, 
and ethane. Therefore, It Is preferable that fiie catalyst used In 
the Invention contain a component having a certain specific hydrogena- 
tlon activity. Examples of such component Include nickel, cobalt, 
rhenium, molybdenum, tungsten and vanadium. Noble metals *such as 
platinum and palladi um are not preferable In the reaction of the 
Invention. If a platinum-supported catalyst Is used In the reaction 
of the Invention, there occurs a hydrogenatlon reaction at the benzene 
nuclei of the ^lenes because the hydrogenatlon activity of platinum 
Is too strong, and therefore such catalyst Is not desirable. A 
preferred amount of rhenium to be added ranges from 0.005 to 3%, 
more preferably 0.02 to 0.5%, by velght as the rhenium element based 
on the weight of the entire catalyst. A preferred amount of 
molybdenum, tungsten or vanadlxsm to be added ranges from 0.1 to lOZ, 
more preferably 0.2 to 5%, by weight as the element based on the 
weight of tiie entire catalyst. A too small amount Is not effective, 
vhlle a too large amount causes side reaction, and thus both such 
amounts are n t desirable. 

As the method for adding sdch metal to the other catalyst 
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components ^ there may be adopted, for example, a kneading method. 
Impregnation method and a method of physically mixing powders with 
each other i For adding the metal element by . the kneading method, a 
compound of the element may be added and kneaded simultaneously with 
mixing of the mordenite and the zeolite Ca) in their granulation. 
According to the impregnation method, usually, it is possible to 
support the element by impregnating the zeolites after granulation 
into a solution containing a compound of the element, followed by 
draining and drying. In the process of the present invention, the * 
impregnation method is preferred. As the solvent for dissolving the 
compound of the clement, there may be used organic solvents such as 
alcohols, not to mention water. The amount of the element to be 
added can be adjiisted by suitably selecting the concentration of the 
compound of the element id the solution. 

Examples of compounds of the element which may be used in 
the invention include, with respect to rhenium, rhenium oxide, 
perrhenlc add^ ammonium perrhenate and rhenium sulfide; with respect, 
to molybdenum, ammonium molybdate^ ammonium paramolybdate, ammonium 
phosphomolybdatSi molybdlc acid, molybdenum oxide, molybdenum sulfide 
and molybdates; and with respect to tungsten, ammonium turigstate, 
ammonium phosphotungstate^ tungsten oxide, tungsten sulfide, tungsten 
carbide and ttxngstates. 

Either a fixed bed or a fluidized bed may be used as a 
reaction apparatus in the present Invention, but the former Is 
preferred because of simpler construction and easier operation. In 
the fixed bed process. It is preferable from the standpoint of 
catalyst effectiveness factor that the particle diameter f the 
catalyst be as small as possUbie, provided a too small particle 
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diameter Is not desirable because It would cause an Increased 
pressure drop. That l8» there exists a preferable range of. catalyst 
diameter » which Is from 0*05 to 10 ima» more preferably from 0.1 to 
2 mm. As the case may be, molding Is needed In order for th.e 
catalyst to have such a preferred range of particle diameter, for 
examples compression molding and extrusion. Acid in order to improve 
the moldablllty or impart strength to the catalyst, there may be used 
a binder i though It goes without saying that the use of binder may 
be. omitted If molding Is attainable to a satisfactory extent^wlthout 
the binder. Preferred examples of the binder Include natural clays 
such as kaolin, bentonlte, montmorlllonlte and acid clay as well as 
synthetic products such as silica sol, alumina sol and alumina gel. 
The amount of the binder to be added Is not more than '70%, preferably 
not more than 20%, by weight. 

The catalyst used in the present invention Is prepared 
basically through the steps of mixing the two zeolite components, 
mbldlng and treatment Into the add. type, the order of which steps 
may be selected suitably; For example, both zeollUe powders may 
each be treated Into the acid type, then mixed and thereafter molded 
to obtain the catalyst, or both zeolite powders may be molded and 
treated Into the acid type eacdi Independently and then mixed to 
obtain the catalyst. 

As described above, the catalyst thus prepared is dried 
and subsequently calcined before Its use. The drying is performed at 
50* to ISO^'C for over 0.1 hour, preferably 0.5 to A8 hours, and the 
calcination is performed at 300* to TOO'^C for over 0.1 hour^ preferably 
at 400* to eOO^'C for 0.5 to 24 hour^.' By this calcdLnati n the 
ammonium Ions introduced in the zeolites by the ion exchange treatment 
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are converted to hydrogen Ions, which. In turn ar c nverted tb the 
decatlonlzed type as 'the calcination temperature Increases » and the 
catalyst In such a form Is also employable effectively. 

The catalyst prepared lil the manner described above Is 
used under the following reaction conditions. The operating tempera-:, 
ture ranges from 300* to 600 'C, preferably from 350* to 550*C, and 
t4ie operating pressure ranges from atmospheric pressure to 100 
kg/cm^*G, preferably from atmospheric pressure to 50 kg/cm^-G. The 
time factor W/F (g-cat-hr/g-mol feed stock, W: catalyst weight, * ' 
F: mol feed stock per hour) which means the contact time of reaction 
Is In the range of 0;1 to 200^ preferably 1 to 100. It Is essential 
that hydrogen Is present In the reaction system. If the faydrdgen 
concentration Is too low^ the dealkylatlon reaction of ethylbenzene 
will not proceed to a sufficient extent * and a carbonaceous component 
will be deposited on the catalyst thus restating In deterioration of 
the catalyst activity with the lapse of time. A too high concent tatl n 
of hydrogen Is not desirable » either, because It would cause an 
Increase of hydrocracklng reaction. That Is, there exists a preferable 
range of hydrogen concentration, which Is 1 to 50, preferably 3 to 30, 
In terms of mol ratio of hydrogen to feed stock CHa/F)* 

As the feed stock there Is used a mixture of xylenes 
containing ethylbenzene, wherein the concentration of ethylbenzene is 
not specially limited. The concentration of para-3ylene in the 
xylene mixture is preferably below the thermodynamic equilibrium 
concentration, but it is of course possible, as one mode of use in 
the present invention, to use as tOie feed stock a 3^1ene. mixture 
containing para-xylene of the thermodynamic equilibrium concentration 
with, a view to decredsing the concentration of ethylbenzene. 
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Th.e £e^d stock, may contain otiLer aromatic comp nents, «g« 
benzene, toluene, trlmetlqrXbenzen , ethyltoluene, dletfaylbenzene, 
ethylxylene, provided their concentrations should be In a low range* 

The following examples are given to further Illustrate the 
present Invention. 

Example 1 

14.7 g. of a solid sodium hydroxide and 10.5 g. of 
tartaric add were dissolved In 351 g. of water, then 5.24 gT of a 
sodium alumlnate solution was added to prepare a homogeneous solution.. 
To this mixed solution was then added, slowly with stirring, 66.0 g. 
of silicic acid powder available commercially as white carbon to 
prepare a homogeneous, slurried, aqueous reaction mixture having the • 
following composiiloh in terms of mol ratios: 

Si02/Al203 100 

H20/Si02 20 

OH-/SIO2 0.24 

TA/AI2O3 7 CTA: Tartaric acid] 

The mixture was charged into an autoclave having 'a 
capacity of 500 ml. and the autoclave was closed. Ihen, heating 
was made to 160 ®C with stirring and crystallization was allowed to 
take place for 72 hours. Then, after cooling, the product was taken 
out of the autoclave, washed with distilled water and filtered until 
the pH was almost neutral, and then dried overnight at llO^C. The 
product thereby obtained was a zeolite having the X-ray diffraction 
pattern shown in Table. 3. Chemical composition of the zeolite upon 
analysis proved to be 1.3 Na20»Al263 , 48.7 Si02 in a dehydrated state. 
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Table 3 X-riay diffract! n pattern 
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Example 2 

^•A9 g. of a solid sodium hydroxide and 18,8 g. of 
tartaric add were dissolved In 325 g. of water, then 52.4 g. f a 
eodlum alumlnate solution waa added to prepare a homogeneous solution. 
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To this mixed solution was then added» slowly vlth stirring, 66*0 g« 
o£ silicic add powder to prepare a homogeneous, slurried, aqueous 
reaction mixture having the following composition In terms of mol 
ratios : 

SlOj/AljOj 10 
H^O/SiO^ 20 
OH-/SIO2 0.275 

lA/Al^Og 1-25 CTA: tartaric addl 

The mixture was charged into an autoclave having a 
capacity of 500 ml. and the autoclave was clpsf^d. Then^ heating 
was made to i60^C with stirring and czystalUzatlon was allowed to 
take place for 48 hours. Then, after cooling, the product was taken 
. out of the autoclave, washed with distilled water and filtered until 
the pH was almost neutral, and then dried overnight at 110 ^C. The 
product thereby obtained as a mordenlte type zeolite having the X-ray 
diffraction pattern shown in Table 4, Chemical composition of the 
zeolite upon analysis proved to be 0.96 'Ra^^Al^^i^*'^ SiO^ 
dlhydrated state. 



lA 



Table 4 X-ray dlff ractl n pattern 
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Example 3 

2.2 g. of aluminum sulfate CAl2CS0^)3..18H20l. 11.3 g. of 
sulfuric add and 15 g. of n-propylamlne were dissolved in 231 g. of 
water, then 135 g. of sodium silicate No .3 was added slowly w±f^ 

15 - — ^ 
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stirring t prepare as hooogencoiis a gel-like -slurry as possible. The 
slurry vas charged into an autoclave having a cepacity of 500 ml. and 
tiie autoclave was closed. Crystallisation was allowed to take place 
at leO'C for 72 hours with stirring. Then, after cooling, the 
5 product wds washed with distilled water end filtered. The water- 
washing and filtration were repeated until the washing was almost 
neutral, followed hy drying overnight at about llO'C. The product 
thereby obtained was zeolite 2SM-5 containing organic ammonium cations 
with a Si02/Al203 mol ratio of 137 and having the X-ray diff Action 
10 pattern shown in Table 5. 
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Examples 4--7 

10 parts by weight Con aBsoltite dry basis) p wder f tte 
crystalline alumlnoslllcate zeolite prepared In Exan^le 1 vas nixed 
Mftth A5 parts by weight Con absolute dry basis) of a commercially 
available synthetic sodium type mordenlte "Zeolon 100-«A" powder 
manufactured by Norton Conq^any and 45 parts by weight Con absolute 
dry basis) of alumina powder as a diluent. Then, 15 parts by weight 
(as AljjO^) of alumina sdl as a binder was added to the powder 
mixture. After kneading, the Icneaded mass was extruded through^'a 
screen of 1 mm-^. After the extrusion, the molded particles were 
dried overnight at about 110*^0, then classified to 12-^24 mesh and 
thereafter calcined in a lauffle furnace at 500*C for 2 hours. This 
molded product upon analysis proved to contain 1.06 meq/g of exchange- 
able sodiimi. 

100 g. Con absolute dry basis) of the molded product was 
dipped in a solution of 10 g. ammonium chloride dissolved in 200 ml. 
of distilled water and Ion-exchanged with ammonium ions for about 1 
hour with stirring at times in a water bath at about 90*C, then 
thoroughly washed with distilled water and dried overnight at aibout 
110*C. The so-treated product upon analysis proved to contain 0.703 
and 0.297 meq/g of exchangeable ammonium and sodiimi, respectively. 
It was then calcined in a muffle furnace at 500®C for 2 hours. The 
catalyst thus prepared will be referred to hereinafter as catdlyst 

On the other hand, 20 g.. Con absolute dry basis) of a 
likewise treated product after going through the ion exchange with 
ammonium ions and subsequent drying was impregnated in 40 ml. of an 
aqueous p rrhenic .acld containing a. 02 g. ojf rhenium as. metal and 
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allowed t stand for 30 minutes at room temperature » then allow d to 
drain and dried overnight at about 110 ^C. The dri d product was then 
calcined in a mu££le £umace at SOO^'C for 2 hours. 13ie catalyst 
thus prepared will be referred to hereinafter as catalyst "B". 
5 Using an aqueous ammonium molybdate solution containing 

0.20 g, of molybdenum as metal in place of the aqueous perrhenic 
acid solution, a catalyst was prepared in the same .way j which will be 
refened to hereinafter as catalyst "C". 

Furthermore , using an aqueous ammonium tungstate solution 

10 containing 0.20 g« of tungsten as metal in place of the aqueous 

perrhenic acid solution, a catalyst was prepared in the same wc^, 
which will be referred to hereinafter as catalyst "D"* 

Then^ using the catalysts A, B, C and D, feed stocks 
each comprising ethylbenzene and xylenes were treated mder the 

15 conditions shown in Table 6* The results are as set out in the same 
table; 



Estamples 8-11 

7.5 parts by weight Con absolute dry basis) of the 
zeolite powder prepared in Exaniqple 1 and 92.5 parts by weight Con 
absolute dry basis) of the mordenite type zeolite powder prepared in 

Example 2 were mixed together, then 15 parts by weight Cas Al^O ) 

2 3 

of alinnlna sol as a binder was added to the powder mixture. After 
kneading, the kneaded mass was extruded through a screen of 1 ma-^, 
then the molded particle^ were dried overnight at about llO'C and 
subsequently classified to 12-24 mesh,' followed by calcining in a 
muffle furnace at 500" C for 2 hours. Ihls molded product upon 
analysis proved to contain 2.07 meq/g of exchangeable sodium. 

- 19 - 
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40 g. . Con absolute dry baslsl of the molded product was 
dipped In a 8 lutlon of 4;0 g. aannonlum chloride dissolved In 80 ml. 
of distilled water and Ion-exchanged with ammonium ions for about 
1 hour with stirring at times in a water bath at about 90'C, then 
5 thoroughly washed with distilled water and dried overnight at about 
llO'C. The so-treated product upon analysis proved to contain 1.26 
and 0.70 meq/g of exchangeable ammonium and sodium, respectively. 
It was then calcined in a muffle furnace at 500 for 2 hours. The 
catalyst thus prepared will be referred to hereinafter as catalyst 
10 "E". 

On the other hand, 40 g. Cpn absolute dry basis) of the 
molded product was dipped in 80 ml. of an aqueous solution containing 
5% by weight of calcium nitrate and ion-exchanged for about 1 hour 
with atirring at times on a hot water bath at about 90'C. This 
15 • treatment with the calcium nitrate solution was repeated three times, 
thereafter, the so-treated product was washed thoroughly with 
distilled wateri tten dipped in 180 ml. of an aqueous sdlution 
containing 4.0 g. of ammonium chloride and treated for about 1 
hour with occasional stirring in a water bath at about 90 'C, followed 
20 by thorough washing with distilled' water and subsequent drying over- 
night at about 110* C. The treated product upon analysis proved to 
contain 1.00, 0.89 and 0.13 meq/g of exchangeable ammonium, calcium 
and sodium, respectively. 20 g. Con absolute dry basis) of the 
treated product was impregnated in 40 ml. of an aqueous perrhenic 
25 acid solution containing 0.02 g. of rhenium as metal and allowed to 
stand for 30 minutes at room temperature, followed by calcining in 
a muffle furnace at 500" C for 2 hours. The catalyst thus prepared 
vill he. hereinafter referred to aa catalyst **F". 

- 20 - 
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Furthermore^ 40 g. Cpn absolute dry basis) of the molded 
product vas treated using magnesium nitrate in place of calcium 
nitrate and subsequently .treated with the aqueous ammonium chloride 
solution and the aqueous perrhenic add in the same way as above to 
prepare a catalyst^ which will be referred to hereinafter as catalyst 
"G". 

Using strontium nitrate in place of calcium nitrate, a 
catalyst was prepared in the same manner as above, which will be 
referred to hereinafter as catalyst "H". * 

A conversion reaction of scylenes contalhlng ethylbenzene 
was carried out using the catalysts E, F, G and H under the conditions 
shown in Table 6. The results are as set out in the same table. 



Examples 12 and 13 

40 .parts by weight Con absolute dry basis) of the 

15 zeolite ZSM-5 powder prepared in Example 3 and 60 parts by weight* 

Con absolute dry iasis) of the mordenite type zeolite powder prepared 
in Example 2 were mixed together, then 15 parts by weight Qaa Al 0 ) 
of alumina sol as A binder was added to the powder mixture: After 
kneading, the kneaded mass was extruded through a screen of 1 wst-^i 

20 then the molded particles were dried overnight at about 120**C and 
thereafter classified to 12-24 mesh, followed by calcining In a 
muffle furnace at 500*C for 2 hours. AO g. Con absolute dry basis) 
• of this molded product was dipped in a solution of 6.0 g. anmonlum 
chloride dissolved in 80 ml. of distilled water and Ion-exchanged 

25 with ammonium Ions for about 1 hour with occasional stltrlng in a 

water bath at about .90»C, followed by thorough washing with distilled 

wdtezi drying overnight at about 110"C'and subsequent calcining in a 
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muffl £umace at 500 for 2 hours. Ulc catalyst thus prepared vlll 
be referred to hereinafter as catalyst 

On the other hand, 40 g. Con absolute dry basis) of the 
molded product was dipped in 80 ml. of an aqueous solution containing 
5Z by velght of magnesium nitrate and Ion-exchanged for about 1 hour 
with occasional stirring in a water bath at about 90®C. This 
• treatment with the aqueous magnesium nitrate solution was repeated 
five times. Thereafter » the so- treated product was washed thoroughly 
with distilled water » then dipped in 80 ml. of an aqueous solution 
containing 6,0 g, of ammonium chloride and lon-exchaiiged for about 

1 hour with occasional stirrdLng in a water bath at about 90°C, 
followed by thorough washing with distilled- water and subsequent 
drying overnight at about' llO^C. Exchangeable ammonium, magnesium 
and sodium contents upon analysis proved to be 0.82, 0.45 and 0.10 
i?&<l/e> respectively i 20 g. Con absolute dry basis) of this treated 
product was lo^regnated in 40 ml of an aqueous perrhenlc add solution 
containing 0.02 g. of rhenium as metal and allowed to stand. for 30 
minutes at room temperature « then allowed to drain and dried overnight 
at about 110 then calcined in a muffle furnace at 500** C for about 

2 hours. The catdlyst thus prepared wdLll be referred to hereinafter 
as catalyst "J". 

Using the catalysts I and J, a conversion reaction of 
xylenes was carried out under the conditions shown in Table 7. 
The results are as set out in the same table. 

Example 14 

100 g. Cpn absolute dry basls^ of the mordenlte type 
zeolite powder prepared In Example 2. was dipped in 500 ml. of an 
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aqueous solution containing 5.0% by- weight of calcium nitrate and 
1 n-exchanged f r ab ut 1 hour with occasional stirring In a wdter 
bath at about gCC, then filtered and again subjected to the Ion 
exchange treatmeiit with the aqueous calcium nitrate solution, whldi 
operation was repeated five times , followed by thorough washing with 
distilled water. 50 g. Con absolute dry basis) of the nordenite type 
zeolite powder prepared in Example 2 thus ion-exchanged with calcium 
ions was dipped in an aqueous solution containing 5.0 g. of ammonium 
chloride and ion-exchanged with ammonium Ions for about 1 hour with 
occasional stirring in a water bath at abQtit 90*C* followed by thorough 
washing with distilled water and subsequent drying overnight at about 
llO'C. 

30 g. Con absolute dry basis} powder of this mordenite 
type zeolite thus Ion-exchanged with the aqueous ammonium chloride 
solution was mixed with 20 g. Con absolute dry basis) of the ZSM-5 
powder prepared In Example 3 . To this powder mixture were 4dded • 
75 g. of alumina sol CAlgOg content: 10 wt.%) as a binder and 10 ml. . 
of an aqueous perrhenlc add solution containing 0.06 g. of rhenium 
as metal, followed by kneading. Ihe kneaded mass was extruded 
through a screen of 1 mm-,», then the molded particles were dried 
overnight at about 110" C and then classified to 12-2A mesh, followed 
by calcining in a muffle furnace at 500»C for 2 hours. Hie catalyst 
thus prepared will be referred to hereinafter as catalyst ''K". 

Using the catalyst K, a conversion reaction of xylenes * 
containing ethylbenzene was carried out under the conditions shown 
In Table 7. The results are as set out in the s^ table. 
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Comparative Examples 1 and 2 

60 parts by welgiLt Con absolute dry basis) of the 
mordenlte type seollte pow^der prepared In Example 2 and 40 parts 
by weight (on absolute dry basis} of alxjmlna powder as a diluent 
were mixed together » then to this powder mixed was added 15 parts 
by weight Cas ^2°3^ alumina sol as a binder, followed by kneading. 
Ihe kaeaded mass was extruded through a screen of 1 mm-ji, then the 
molded particles were dried overnight at about 110 and then 
classified to 12-24 mesh, followed by calcining in a muffle furnace 
at 500"C for 2 hours. 20 g. Con absolute dry basis) of this molded 
product was dipped in 40 ml* of an aqueous solution containing 2.0 g. 
of ammonium chloride and ion-exchanged with ammonium ions for about 
•1 hour with occasional stirring in a water bath at about -90^C, then 
washed thoroughly with distilled water and dried overnight at about 
llO^C, followed by calcining in a muffle furnace at 500*C for 2 hours^ 
The catalyst thus prepared will be referred to hereinafter as catalyst 

40 parts by weight Con absolute dry basis) of the ZSH-5 
powder prepared In Exas^le 3 and 60 parts by weight Qon absolute dry 
basis) of alumina powder as a diluent were mixed togehter, then to 
this powder mixture was added 15 parts by weight Qas Al^O^) of alumina 
sol as a binder, followed by kneading. Ihe kneaded mass was extruded 
• through a screen of 1 mm-j5, then the molded particles were dried 
overnight at about 110*C and then classified to 12-24 mesh, followed 
by calcining in a muffle furnace at 500*C for 2 hours. This molded 
product was treated with the aqueous ammonium chloride solution in 
the same wagr as ab ve to prepare a patalyst, which catalyst will be 

24 - 
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referred to hereinafter as catalyst *'M*** 

Using th.e catalysts L and M» a conversl n reactl n of 
xylenes containing ethylbenzene was carried out under the conditions 
shofm In Table 7* The results are as set out In the same table. 
5 Reference to Table 7 shows that the catalyst L affords a high ethyl- 
benzene conversion but a low Isomerlzatlon to para-xylene and that 
the catalyst H affords only a low ethylbenzene conversion. 
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Comparative 
Example 2 




o CM «^ o 
cn 


0.55 
0.90 
0.97 
17. U 
17.46 
42.60 
19.42 
0.11 
0.56 
.0.21 . 
0.11 


10.2 - 
22.0 

98.2 ( 


Comparative 
Example 1 
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Example 15 
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Example 13 
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Note) Cy" : non-ar matlc conqponents of Cj^ - Cj 

BZ : tienzene 

!K)L : toluene 

EB : etbylBenzene 

XT t zyl&nes 

PX : para-«ylene 

MX : neta-ocyleiie 

OX : ortho-xylene " 

ET : ethyltoluene w 

TMB : trlmethylbenzene 

raiB t dlethylbenzene 

EX : ethylxylene 
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What ±8 claimed Is : . 

1. k conversion pr cess for xylenes containing etfaylbenzene, * 

characterized in that said xylenes containing ethylBenzene are contacted 
with a catalyst In the presence of hydrogen, said catalyst comprising 
an acid type mordenlte and an add type zeolite which exhibits the X-ray 
diffraction pattern described In Table 1. 

2« A conversion process according to claim 1, wherelnx^the 

weight ratio of said zeolite eidilbltlng the X-ray diffraction pattern 
described in Table 1 and said mordenlte Is In the range of IZ to 50% In 
terms of a percentage by weight of the former based on the total weight 
of both said zeolites. 

3. A conversion process according to claim 1, wherein the ratio 

of hydrogen Ions In said catalyst is In the range of 30% to 90% In terms 
of gram Ion equivalent based on the total exchangeable cations of both 
said zeolites » 

4* A conversion process according to claim 3» wherein said 

exchangeable cations of both said zeolites are mainly hydrogen Ions 
and alkaline earth metal Ions. 

5. A conversion process according to claim Ij^ wherein said 

catalyst further contains rhenium^ molybdenimi, tungsten, vanadium, or a 
compound thereof* 

6* . A conversion process according to claim 5, wherein the 

content of ' rhenium or a compound thereof Is In the range of 0.005 to 
3 •(} percent by weight as element based on the total weight of said 
catalyst* 

7. A conversion process according to claim 5, wherein the 

content of molyBdenimii tungsten, .vanadium, r a coiiq)otmd*.thereo*f Is In 
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the range of 0.1 to 10 percent by weight as element based on the t tal - 
weight of said catalyst* 

8. A conversion process according to claim 1, wherein said 

catalyst consists mainly of said mordenlte and an acid type zeolite which 
exhibits the X-ray diffraction pattern described in Table 2. . 

9* A conversion process according to claim 1, wherein said 

zeolite esdilblting the X-ray diffraction pattern described in Table 1 is 
ZSM-5, ZSM-8i ZSM-11, Zeta-3, a zeolite prepared without adding an organii 
stibstance into reaction mixturei or a zeolite prepared by adding a 
carboxyl group-containing organic compound into reaction mixture. 

10. A conversion process according to claim 1, wherein the 

conversion reaction comprises deethylation of etl^lbenzene and 
Isomerizatlon of xylenes. 

!!• A conversion process according to claim 1, wherein the 

conversion reaction is carried out at a temperature in the range of 300** 
to 600*C snd at a pressure in the range of atmospheric pressure to 
100 kg/cm2»6. 

12. A conversion process according to claim 1, wherein the amount 

of hydrogen 16 in the range of 1 to 50 moles per mole of said xylenes 
containing ethylbenzene. 
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